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Background: Although there is much literature on adolescent suicide, combined effects of depression and
anorexia nervosa on suicide were rarely investigated. The aims of this study are to examine the association
between anorexia nervosa and suicidal thoughts and explore the interaction between anorexia nervosa and
depression.
Methods: This is a cross-sectional study, in the study, a sample of 8,746 Chinese adolescents was selected by
multistage stratified method in 2012/2013 from 20 middle schools in 7 provinces across China Mainland. Multilevel
logistic model was introduced to explore association between anorexia nervosa and suicidal thoughts. And
subgroup analyses were conducted on participants with or without depression.
Results: Multilevel logistic model revealed that demographic variables, including academic achievement, were not
the predictive risk factors of suicidal thoughts. Those who suffered from worse severity of perceived anorexia
nervosa were at increased risk of thinking about suicide. The interaction between depression and anorexia nervosa
was significant, however, subgroup analyses showed that the associations were significant only among the
adolescents without depression.
Conclusions: Our results indicate that all levels of anorexia nervosa serve as predictable indicators of suicidal
thoughts in Chinese adolescents, and the effects of anorexia nervosa are modified by depression status.
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Suicide as a public health concern is largely preventable
in adolescents [1, 2]. Adolescents are at high risk of sui-
cide because they are particularly sensitive to environ-
ment during the stressful period of physical and
cognitive development transitions [3]. There is some evi-
dence to show that suicidal thoughts are becoming in-
creasingly common in Asian youth [4–6]. Identifying
subgroups of adolescents with suicidal thoughts could
help guide suicide prevention initiatives, because existing
studies indicate that suicidal ideation is the significant
predictor of attempted suicide [7] and 60% of the suicide* Correspondence: louchaohua60@163.com
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cidal thoughts [8].
It has been evidenced in many studies that anorexia
nervosa is a serious psychiatric illness that is consistently
associated with increased risk of suicide, especially in ad-
olescents and young adults [9–13]. Some studies, how-
ever, suggested that completed suicide rates are not
higher among individuals who are currently suffering
from anorexia nervosa [14]. The results from another
study confirmed that the null hypothesis, suicide rates,
measured by officially recorded death certificates, are
similar in the groups with or without anorexia nervosa
[15]. However, most previous studies were based on clin-
ical or community cohorts, thus the samples were small
and focused on adults [9].le is distributed under the terms of the Creative Commons Attribution 4.0
.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
ive appropriate credit to the original author(s) and the source, provide a link to
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thoughts are associated with depression in adolescents
[16–19]. Anorexia nervosa and major depression share
common genetic and environmental risk factors [20].
Adolescents who suffered from anorexia nervosa have
elevated risk of experiencing depression [20, 21]. There
is much empirical literature on adolescent suicide, how-
ever, the interaction between depression and anorexia
nervosa was rarely included in the models, and its influ-
ence on suicidal thoughts still remains unclear. To
bridge this gap, the aims of this study are to evaluate the
association between suicidal thoughts with anorexia ner-
vosa among adolescents in China, and determine
whether this association differed between the subgroups
with or without depression.
Methods
Study sites and participants
This study was a school-based cross-sectional study, and
conducted among 20 sampled middle schools in 7 prov-
inces in China from 2012 to 2013. Multistage cluster
sampling strategy was introduced to ensure a representa-
tive sample. First, given the heavily unbalanced develop-
ment of China, Hebei and Inner Mongolia in the North
China, Shandong in the East China, Heilongjiang in the
Northeast China, Guangxi in the South China, Sichuan
in the Southwest China and Shaanxi in the Northwest
China that represented 6 administrative divisions were
selected from 31 provinces in China. Second, one senior
high school and one junior high school that represented
the average education level were selected from the rural
area and the urban area of one general socioeconomic
status city in each selected province, respectively.
Twenty schools were selected because some schools run
both junior and senior high school programs. Finally,
two classes were randomly selected from each grade at
each school. All 9,312 students from those classes were
recruited to the survey, and the response rate was
95.77% (8,746/9,312).
Measures
The computer-assisted self-administered survey was
conducted anonymously in school computer labs within
45 min. The content of the questionnaire included the
history of suicidal thoughts, level of anorexia nervosa,
depression status and demographic characteristics. All
the items measuring suicidal thoughts, anorexia nervosa
and depression were selected from the literature, and
their reliability and validity were good [6, 22, 23].
Suicidal thoughts
Suicidal thoughts were assessed as by one question:
“Have you ever seriously thought about suicide? (1 = yes,
0 = no)” [6].Anorexia nervosa
The level of anorexia nervosa was measured by the
question “Have you ever experienced the feeling of dis-
gust by the sight of food)?” The answer is coded as “1 =
never, 2 = occasionally, 3 = sometimes, 4 = often, 5 = al-
ways”. Items 4 and 5 were collapsed into a category of
“often” [22].
Depression
The sign of depression was evaluated by one question:
“Have you ever experienced of feeling depressed / life is not
worthwhile that lasts at least 2 weeks? (1 = yes, 0 = no)” [23].
Demographic characteristics
The questionnaire included a wide variety of demo-
graphic information, including age, gender, grade, aca-
demic achievement, living arrangement, family
socioeconomic status, relationship with parents and
classmates, feelings about school, reactions to parent-
child conflict and smoking history.
Relationship with parents and classmates, and feelings
about school were graded as good, average and poor.
Academic achievement and family socioeconomic status
were rated as high, average and low. Smoking was de-
fined by one question: “Have you ever tried smoking,
even only one or two puffs? (1 = yes, 0 = no)” Personality
trait was measured by the question” How do you react
to parent-child conflict?” with possible responses of “1 =
endure quietly under any conditions, 2 = endure quietly
under most conditions, 3 = argue with parents under
most conditions, 4 = argue with parents under all condi-
tions”. Items 1 and 2 were collapsed into a category of
“suffer in silence”, and items 3 and 4 were combined
into a category of “argue with parents”.
Statistical analysis
The prevalence of demographic characteristics and pri-
mary outcomes was presented by contingency tables.
Odds ratios (ORs) and 95% confidential intervals (CIs)
for the association between suicidal thoughts and an-
orexia nervosa were estimated by using logistic regres-
sion models with adjustment for potential confounders.
Adolescents who never reported anorexia nervosa served
as the reference group. Given that students are clustered
within schools, the assumption of independence of the
observations is violated because the residuals might be
correlated within each cluster. We estimated multilevel
logistic regression models for the hierarchical data, with
students (level 1) nested within schools (level 2). The in-
teractions of anorexia nervosa and depression were in-
troduced on the basis of hierarchical model. Besides,
subgroup analysis stratified by depression was per-
formed. The significance was considered at p < 0.05. All
the analyses were conducted with Stata/SE 14.2 [24].
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Demographic characteristics of participants
Of all the 8,746 participants, 50.39% were female and
49.53% were senior school students. The mean age was
15.38 ± 1.95 years. Descriptive statistics of the basic
demographic characteristics are presented in Table 1.
Most of the students (74.81%) lived with their two bio-
logical parents and 16.52% came from low socioeco-
nomic status (SES) backgrounds. As to their academic
achievements, 41.22% of the students were rated as good
and 17.60% as below average. Less than 3% reported
poor relationships with parents and classmates and 5%
had bad feelings about school. More than 20% of the
students tried smoke and the same proportion would
argue with their parents when parent-child conflict oc-
curs. 70% of the respondents suffered from anorexia, at
least some level. 12.22% considered suicide seriously,
















Bad 436(4.99)Associations between suicidal thoughts and demographic
characteristics
The associations between suicidal thoughts and demo-
graphic characteristics are presented in Table 2, by uni-
variate and multivariate logistic models. As showed in
univariate logistic models, almost all the demographic
characteristics were significantly related to suicidal
thoughts, including gender, grade, smoking, academic
achievement, living arrangement, SES, relationships
with parents and classmates, as well as feeling about
school, strategies for parent-child conflict, anorexia and
depression. In multivariate logistic models, suicidal
thoughts were significantly correlated with all of the
characteristics except academic achievement and liv-
ing arrangement.Reactions to parent-child conflict
Suffer in silence 6,898(78.87)











No 6,794(77.68)Association of anorexia, depression, and interactions with
suicidal thoughts
As illustrated in Table 2, only the serious level of an-
orexia was related significantly to suicidal thoughts (OR
1.94; 95% CI 1.32-2.85) after adjustment of observed
confounders. The adolescents with depression were at
much higher risk of experiencing suicidal thoughts (OR
5.04; 95% CI 4.31-5.90) compared with their counter-
parts without depression. Moreover, significant interac-
tions between anorexia and depression were observed in
adjusted model (P < 0.05 on all levels, not shown in the
table). After adjustment for the interactions, all levels of
anorexia were related significantly to suicidal thoughts
and worse anorexia was associated with higher probabil-
ity of suicidal thoughts (Table 3). The association be-
tween depression and suicidal thoughts was much
stronger (OR 7.25; 95% CI 5.18-10.14).Association between anorexia and suicidal thoughts,
stratified by depression
We also performed subgroup analyses stratified by de-
pression. After controlling for a broad range of potential
Table 2 Associations between suicidal thoughts and demographic characteristics
Variables Univariate OR (95% CI) P Value Multivariatea OR (95% CI) P Value
Gender(female) 1.42(1.25, 1.62) <0.001 1.89(1.59,2.23) <0.001
Grade(Senior) 0.99(0.87, 1.12) 0.870 0.67(0.56,0.79) <0.001
Smoking(Yes) 1.97(1.71,2.27) <0.001 1.97(1.63,2.37) <0.001
Academic achievement
Good 1.00 - 1.00 -
Average 1.12(0.97, 1.30) 0.120 0.93(0.79,1.11) 0.450
Below average 1.64(1.38, 1.94) <0.001 1.10(0.89,1.36) 0.390
Living arrangement
Two biological parents 1.00 - 1.00 -
Biological father or mother 1.76(1.46, 2.12) <0.001 1.18(0.82,1.70) 0.370
Others 1.53(1.29, 1.81) <0.001 0.97(0.77,1.21) 0.790
Family socioeconomic status
High 1.00 - 1.00 -
Average 0.69(0.53,0.89) 0.005 0.76(0.55,1.05) 0.100
Low 1.06(0.80,1.41) 0.680 0.89(0.62,1.28) 0.550
Relationship with parents
Good 1.00 - 1.00 -
Average 2.45(1.97,3.05) <0.001 1.61(1.26,2.05) <0.001
Poor 3.95(2.55,6.11) <0.001 1.84(1.12,3.03) 0.020
Relationship with classmates
Good 1.00 - 1.00 -
Average 1.56(1.37,1.78) <0.001 1.28(1.08,1.50) 0.003
Poor 3.59(2.65,4.86) <0.001 1.79(1.23,2.63) 0.003
Feelings about school
Good 1.00 - 1.00 -
Average 1.97(1.72,2.25) <0.001 1.41(1.19,1.67) <0.001
Bad 3.89(3.09,4.90) <0.001 1.77(1.32,2.38) <0.001
Anorexia nervosa
Never 1.00 - 1.00 -
Occasionally 1.57(1.33,1.85) <0.001 1.21(0.99,1.46) 0.050
Sometimes 2.21(1.79,2.72) <0.001 1.25(0.97,1.61) 0.080
Often 3.99(2.92,5.44) <0.001 1.94(1.32,2.85) 0.001
Strategies for conflict(Struggle) 1.57(1.34,1.81) <0.001 1.34(1.12,1.59) 0.001
Depression(yes) 6.58(5.75,7.53) <0.001 5.04(4.31,5.90) <0.001
CI confidence interval, OR odds ratio
aAdjusted for potential confounders, including gender, grade, smoking, academic achievement, living arrangement, SES, relationship with parents and classmates,
feeling about school, strategies for conflict and depression
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ciations between anorexia and suicidal thoughts among
the adolescents with depression, as shown in Table 3.
The associations, however, were significant at all levels
of anorexia among the adolescents without depression.
Those who reported worse severity of perceived anorexia
had a higher risk of experiencing suicidal thoughts (OR
= 1.38 at “occasionally” anorexia, OR = 1.53 at “some-
times” anorexia, and OR = 2.82 at “often” anorexia).Association between anorexia and suicidal thoughts,
stratified by gender
Given than females may be more likely to suffer from
anorexia nervosa, depression and suicidal thoughts than
males, we performed gender-specific analysis (Table 3),
and it returned a bit different results. The association
between depression and suicidal thoughts was still
strong (OR = 5.21 for males, OR = 5.00 for females). The
associations were non-significant at all levels of anorexia
Table 3 Association of anorexia nervosa, depression and their interaction with suicidal thoughts
Variables With depression(n = 1,952)a Without depression(n = 6,794)a Full model(n = 8,746)b
OR (95% CI) P Value OR (95% CI) P Value OR (95% CI) P Value
All (n = 8,746) Anorexia nervosa
Never(n = 2,538) 1.00 - 1.00 - 1.00 -
Occasionally(n = 4,783) 0.96(0.71,1.28) 0.760 1.38(1.07,1.79) 0.010 1.41(1.10,1.82) 0.008
Sometimes(n = 1,169) 0.93(0.65,1.33) 0.700 1.53(1.08,2.18) 0.020 1.61(1.14,2.28) 0.007
Often(n = 256) 1.30(0.78,2.19) 0.320 2.82(1.62,4.91) <0.001 3.02(1.75,5.23) <0.001
Depression(yes) - - - - 7.25(5.18,10.14) <0.001
Male (n = 4,339) Anorexia nervosa With depression(n = 985)a Without depression(n = 3,354)a Full model(n = 4,339)b
Never(n = 1,375) 1.00 - 1.00 - 1.00 -
Occasionally(n = 2,318) 1.10(0.73,1.67) 0.645 1.36(0.93,2.00) 0.114 1.26(0.96,1.67) 0.101
Sometimes(n = 530) 0.82(0.47,1.43) 0.489 0.85(0.45,1.61) 0.622 0.92(0.61,1.38) 0.688
Often(n = 116) 0.57(0.24,1.36) 0.207 2.75(1.12,6.77) 0.027 1.16(0.61,2.21) 0.652
Depression(yes) - - - - 5.21(4.11,6.61) <0.001
Female (n = 4,407) Anorexia nervosa With depression(n = 967)a Without depression(n = 3,440)a Full model(n = 4,407)b
Never(n = 1,163) 1.00 - 1.00 - 1.00 -
Occasionally(n = 2,465) 0.84(0.55,1.28) 0.407 1.38(0.97,1.95) 0.073 1.18(0.90,1.53) 0.231
Sometimes(n = 639) 0.96(0.59,1.57) 0.872 2.08(1.33,3.24) 0.001 1.52(1.09,2.11) 0.013
Often(n = 140) 2.17(1.05,4.48) 0.036 2.91(1.42,5.95) 0.003 2.67(1.63,4.39) <0.001
Depression(yes) - - - - 5.00(4.03,6.19) <0.001
CI confidence interval, OR odds ratio
aAdjusted for potential confounders listed in Table 2
bAdjusted for potential confounders listed in Table 2 and interactions between anorexia nervosa and depression
Results in bold indicate the associations were significant at 0.05 level
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of anorexia among the females (OR = 1.52 at “sometimes”
anorexia, and OR = 2.67 at “often” anorexia). Females with
severe levels of anorexia were more likely to report sui-
cidal thoughts whether depression co-occurred or not,
while only normal males with severest level of anorexia
nervosa had elevated suicidal thoughts.
Discussion
Our results indicate that all levels of anorexia nervosa
serve as indicators of remarkable suicidal thoughts,
which consists with the results of several previous re-
searches [15, 25–28]. Few of Existing studies reported
the dose-response relationship between levels of an-
orexia nervosa and suicidal thoughts. We assumed that
the worse the anorexia nervosa, the higher the risk of
suicidal thoughts, and vice versa. The findings confirmed
our hypothesis and high level of anorexia nervosa was
associated with an increased risk of suicidal thoughts.
The greatest severity of anorexia nervosa was at the
highest risk among three levels of anorexia nervosa for
suicidal thoughts (OR 3.02, 95%CI 1.75-5.23).
To our knowledge, this is the first study with a na-
tional school-based sample in China that investigated
the interaction between anorexia nervosa and depression
and its impact on suicidal thoughts. Depression andanorexia nervosa symptoms often co-occur [19]. Depres-
sion may cause anorexia nervosa, and the condition, in
turn, can also lead to depression. Both symptoms can
trigger the birth of suicidal thoughts [15, 29]. Our find-
ings suggest that depression might modify the associ-
ation between anorexia nervosa and suicidal thoughts
since the interaction between depression and anorexia
nervosa was significant.
It has been demonstrated there is a strong association
between suicidal thoughts and depression [29–32]. Our
findings reveal an additive synergism between depression
and anorexia nervosa in suicidal thoughts. However, in
our study, anorexia nervosa predicts suicidal thoughts
only occur in adolescents without depression, and the
associations are gender specific, which indicates that de-
pression and anorexia nervosas may share an etiological
mechanism on suicidal thoughts. In the full model that
controlling the potential confounders and interaction,
depression makes a much greater contribution to in-
creased risk of suicidal thoughts than anorexia nervosa.
Another possible reason behind this counterintuitive
finding is that depressed adolescents in this study may
be under sampled and lead to selection bias [33]. De-
pressed adolescents were more than 2.75 times likely to
withdraw from school compared with their peers with-
out depression [34]. Besides, the students with anorexia
Lian et al. Environmental Health and Preventive Medicine  (2017) 22:30 Page 6 of 7nervosa are at greater risk of quitting school than gen-
eral population, and hence the association between an-
orexia nervosa and suicidal thoughts is probably
underestimated.
In most studies conducted in clinics, patients with an-
orexia nervosa are diagnosed by the WHO ICD-10 or
DSM-IV [22]. However, in the large epidemiological
studies, especially in school based studies, it’s unfeasible
in practice. In current study, we used self-rated feeling
of disgust toward food as a predictor of anorexia ner-
vosa, given the evidence that anorexia nervosa is associ-
ated with elevated disgust sensitivity in young adults,
especially in the domain of food [35]. It is noteworthy
that there is a decrease in emotive responses to food
with increasing age [36], which means we might over-
estimate the association between feeling of disgust to-
ward food and anorexia nervosa among adolescents.
Similarly, we chose one self-rated question to identity
adolescents with depression. Ultrashort screening instru-
ments, such as one question used in our study, may de-
tect, but not diagnose, depression. However, ultrashort
screening instruments have advantages, especially in
large national epidemiologic surveys, shorter instru-
ments take less time and gain greater acceptance [37].
There is evidence that ultrashort screening instruments
are as effective as longer screening instruments, such as
the Center for Epidemiologic Depression Scale [37]. Pa-
tient Health Questionnaire (PHQ)-2 is very similar with
one question used in our study. PHQ -2 asks two simple
questions about mood and anhedonia, and has been
found to be up to 74% sensitivity and 75% specificity in
adolescents [38]. We think the ultrashort screening in-
strument in our study are as effective as PHQ-2, and
further research is needed to be done.
Several limitations should be considered in interpret-
ing our findings. First, the nature of cross-sectional de-
sign does not allow us to make causal inferences.
Longitudinal studies are required to confirm the cause-
effect relationships. Second, we did not assess character-
istics of those who had completed suicide, which may
introduce survivor bias. Last but not least, just like any
other study with self-report measures, there is possibility
of information bias. However, computer-assisted self-
interviewing technology could create a sense of anonym-
ity and minimize response bias [39].
Conclusions
The present study suggests that anorexia nervosa in-
creases the probability of suicidal thoughts in Chinese
adolescents. More precisely, the worse the anorexia ner-
vosa, the higher the risk of suicidal thoughts. Depression
can modify the association. Subgroup analyses reveal
that anorexia nervosa failed to predict suicidal thoughts
in adolescents with depression. The causes of suicide aremulti-factorial in origin involving a complex interplay of
biological, social, cultural and psychological factors.
More research is needed to explore the mechanisms be-
hind. Nonetheless, our findings might shed light upon
eating disorder and suicide prevention programs.
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